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INTROD UC T I  ON 

The Research I n s t i t u t e  of Temple Universi ty  ca r r i ed  out  t h e  

research reported here  under sponsorship of  t h e  NASA Langley Research 

Center. 

co lor ing  "smoke" t ra i l s  produced by hygroscopic agents.  

used a t  Langley t o  determine wind ve loc i ty  by photographing t h e  movement 

of t ra i l s  l a i d  by ascending rockets. They are also used i n  o the r  programs 

for  o p t i c a l  acqu i s i t i on  and t racking of  vehic les  and payloads, and t o  form 

a background for  photographing atmospheric r e f r a c t i o n  i n  b l a s t  wave s tudies .  

The purpose of t h i s  research was t o  at tempt  t o  f i n d  ways of 

Smoke t ra i l s  are 

In  these  programs "smoke" t ra i l s  are produced by expel l ing 

atomized t i t an ium t e t r a c h l o r i d e  or o t h e r  hygroscopic agents i n t o  t h e  

atmosphere. 

t o  form d rop le t s  of hydrochloric ac id  and oxides of t i tanium. 

up of these  small d rop le t s  appear white,  and f u r n i s h  exce l len t  con t r a s t  

aga ins t  a clear b lue  sky. 

con t r a s t  of white t r a i l s  i s  very poor. 

c o n t r a s t  can be g r e a t l y  improved by use of yellow or red  f i l ters .  

smoke i tself  could be colored, t h e  con t r a s t  would be improved even with dense 

haze or cloud background, 

requi re  much g r e a t e r  payload weight t o  produce a given volume of smoke. 

Thus t h e  usefulness  of smoke t r a i l s  would be g r e a t l y  enhanced i f  t h e  more 

e f f i c i e n t  hygroscopic t r a i l s  could be colored. 

The t i t an ium t e t r ach lo r ide  reacts with atmospheric water vapor 

Trails made 

However, aga ins t  cloud background or haze t h e  

For a l l  but  very dense haze t h e  

If t h e  

Colored o i l  smokes and colored pyrotechnic smokes 
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V 

In general, three different approaches were made to  the problem 

I of colored smokes: 

(1) addition of various types of coloring agents 

(dyes or  inorganic coloring agents) 

(2 )  reaction of TIC14 with an organic compound. This 

reaction was external and i n  itself a smoke producer. 

reactions involving P 0 C l 3  and PC13 ( 3 )  
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ADDITION OF COLORING AGENTS 

A survey of commercially available dye types was made t o  determine 

which dyes might be used i n  coloring a smoke t r a i l .  

of organic dyeing materials, inorganic color ing agents were t e s t ed .  These 

approaches were not  successful .  

I n  addi t ion  t o  the  use 

Over one hundred dye types supplied by cooperating dye producing 

companies were t e s t e d ,  

first phase involved t e s t i n g  the  dyes for s o l u b i l i t y  i n  TiC14. 

phase was t h e  actual t e s t i n g  of the TiClq-dye so lu t ion  t o  determine 

color ing effects i n  a smoke cloud, 

Testing of dyes was divided i n t o  two phases. The 

The second 

Several  chemical cmpanies were contacted d i r e c t l y  for  dye 

samples. The majority of dyes t e s t ed  were not  so luble  i n  TiC14. 

t h a t  showed some s o l u b i l i t y  were t e s t e d  i n  Phase I1 for smoke coloration. 

This t e s t  consis ted of spraying approximately 100 cc of TiC14-dye so lu t ion  

i n t o  t h e  atmosphere. 

adequate color ing.  

dissolved i n  the  proper solvent ,  water o r  alcohol, etc., and t h e  two 

streams, Tic14 and dye so lu t ion ,  were sprayed i n t o  each o ther .  A f a i n t  

co lo r  could be seen due t o  the  colored so lu t ion  i n  the  first one t o  two 

inches before  reaction, but the  smoke appeared white, 

Those 

I n  no case did a dye so lu t ion  of TiC14 give 

In t h e  case of dyes not  so luble  i n  T i C 1 4 ,  t h e  dye was 

In  addi t ion  t o  the  dye s tudies ,  red  i ron  oxide (Fe2O3) was 

considered as a color ing agent,  

Fe2O3 proved t o  be s l i g h t l y  soluble i n  TiC14,  forming a 

reddish brown so lu t ion ,  On spray discharge t o  t h e  atmosphere, t he  Tic14 
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I .  

# t rave led  about s i x  inches before react ing.  

usual one o r  two inches of travel as i n  t h e  case of t h e  dye soLution. 

brown color was v i s i b l e  i n  the l i qu id  but  disappeared i n  t h e  white smoke. 

This was i n  cont ras t  t o  the  

The 

Attempts were made t o  produce free iodine i n  the  smoke by 

add i t ion  of K I  water so lu t ion  and NaI water so lu t ion  t o  T i C 1 4 .  

During preliminary t e s t i n g  i n  an indoor hood, t h e  water so lu t ion  

was poured i n t o  TiC14. 

t o  f i v e  seconds a l a rge  reddish brown cake was formed, cons is t ing  of 

"foamed" Ti02 colored by free iodine. 

It reacted with i t s  usua l  violence. After  t h ree  

The water so lu t ions  were then sprayed i n t o  Tic14 through a 

swirlcup i n j e c t o r  outdoors. 

a reddish brown color  did appear a t  t h e  discharge point  f o r  a shor t  t i m e  

(one second o r  less) durin? t h e  discharge. 

and 11. 

The r e s u l t i n g  cloud was not colored although 

Dyes ara listed. i n  Tables I 



EYE 

Violet VTS 

Altocryl B r i l l i a n t  Red BB 

Altocryl B r i l l i a n t  Red 2R 

Supernyl i te  B r i l l i a n t  Green B 

Cekryl Yellow RFC 

Nylanthrine Orange SLF 

Supernyl i te  Sca r l e t  AFJ 

Altocryl Pink 3 GF 

C e k r y l  Red BB 

Nydye Y e l l o w  S 

Azoanthrene Royal Blue S Conc. 

Azoanthrene Black WAN 

Azoanthrene Black NV 

Discharge Fast Yellow DLW 

Sol-Aqua-Fast Red 2BL 

Experimental Turquoise SW9304 

FDEC Yellow No, 6 

FDEC Red No. 3 

FDEC Yellow No. 5 

SOURCE 

Dynamic Colors 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemfcaf 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 

Althouse Chemical 
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TABLE l (,continued) 

. 
!lY E 

Amaplast AAP 

AmapPast Pink FET 

Ortho Ni t roan i l ine  Lot 752  

1, 2 Dihydroxyanthraquinone 

3, 3'4, 4' Tetraminobiphenyl Lot 1936 

Ortho Phenylenidimine 

1 Aminoanthraquinane Lot 847-848 

Pylakrome Red LX 1903 

Pylam Pink EX-1700 

Pylam Rose Pink LX-1800 

Methylene Blue SP 

Rhodamine B Conc. 500% 

Fast  W o o l  Yellow 3 GL Con. 125% 

S p i r i t  Soluble Fas t  Y e l l o w  3G 

Phospine GN Conc. 

Rhodomine B Soln. 

Sandoz Aluminum Blue 

Sandoz Aluminum Bordeaux 2 R  

SOURCE 

American Aniline Products 

Americen Aniline Products 

ATerictn Aniline Products 

American Aniline Products 

American Aniline Products 

American Anil ine Products 

American Anil ine Products 

Pylam Products 

Fylam Products 

PySam Products 

Al l ied  Chemical-National Aniline 

Al l ied  Chemical-National Anil ine 

Al l ied  Chemical-National Aniline 

Al l ied  Chemical-National Anil ine 

All ied Chemical-National Aniline 

Al l ied  Chemical-National Aniline 

Sandoz Products 

Sandoz Products 
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TABLE 1 (continued) 

DYE 

Eastone Red B 

Eastone Orangs 3R 

Eastone Violet BGF 

Eastman Orange Green Conc. 

Eastone Yellow 5G Conc, 

Eastman Black SN 

Eastman Fast Y e l l o w  GLF 

SOURCE 

Eastman Chemical 

Eaetmn Chemical 

Emtman Chemical 

Eastman Chemical 

Eastman Chemical 

Eastman Chemical 

Eastman Chemical 
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TABLE 1 (Continued) 

DYE FORMULA SOURCE 

. 

Temple DIF-N Temple University 

N N 

Temple University 
@F3 / I  I\ 

/ q p  

Temple AN-FMPK a N = P I  ----cc-c- 

CO2H ,HQ r 
‘ 1  cfj95 CP 

Temple AN-NWK 

Temple MN-F Sal. Cf3 

Temple University 

Temple University 
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DYE 

TABLE 1 (Continued) 

FORMULA 

Cf3 
Temple SN-F Sal ,  1 

S 0 3 H  

Temple AN-F S a l ,  
C f 3  

SOURCE 

Temple University 

Temple University 

Temple University 

Temple University 

OrN 
OH 6 C02H 

2H 
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PRODUCER 

TABLE I1 

DYES SOLUBLE IN T I C 1 4  

DYE 

Cekyryl Yellow RFC 

Supernylite Br i l l i an t  Green B 

Altocryl  B r i l l i a n t  Red 2R 

Altocryl  B r i l l i a n t  Red BB 

Amoplast Pink FFT 

1, 2 Dihydroxyanthraquinone 

Amenoanthraquinone 

Eastone Orange 3R 

Eastone Violet  BGF 

COLOR OF SOLUTION 

YelloW-bmwn 

Green 

Re  d-br own 

Re d-br own 

Pink-red 

Yellow 

Pink 

Orange 

Blue 

Producer #1 - Althouse Chemical Company 

Producer #2 - American Aniline Products 

Producer #3  - Eastman Chemical Company 
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REACTION OF ORGANIC SOLVENTS WITH TiCly  

It was noticed when Tiel,, was added t o  certain organic so lvents ,  

a dense yellow smoke formed. 

slowly poured i n t o  a flask of a c e t i c  ac id .  

i n  t h e  f l a s k  and llpuf€edtl out the neck. 

and d i s s ipa t ed  i n t o  t h e  atmosphere, t he  co lor  disappeared and t h e  normal 

white smoke appeared. 

members of t h e  ketone series was similar. 

constructed i n  an attempt t o  in tens i fy  t h e  yellow smoke and prolong its life. 

An experiment was performed wherein TiC14  was 

A dense yellow smoke formed 

However, as this smoke mixed with 

The reac t ion  of TiCl,, with acetone and severa l  

Several  spray systems were 

The spray systems consisted of t he  usual  nozzles,  but instead of 

discharging d i r e c t l y  i n t o  the  atmosphere, t he  intermixing sprays were 

d i rec t ed  i n t o  a chamber. 

t h e  sprays entered a x i a l l y ,  

characteristics of t h e  mater ia l ,  although it was noticed that a colored 

l i q u i d  ran out of t h e  open end of the pipe during smoke formation. 

The chamber was a 2-1/2" pipe closed a t  one end, 

T h i s  system d i d  not  improve t h e  co lor ing  

The following mater ia l s  were reacted with TiC14 i n  flasks: 

( a )  Acetic acid - yellow smoke 

(b) Ethyl alcohol - w h i t e  smoke 

(c) Methyl a lcohol  - white smoke 

(d)  Anhydrous e t h e r  - yellow smoke but not  as 
dense as  (a )  

(e)  Acetone - dense yellow smoke 

Various soluble  dyes were added t o  t h e  above materials but did not  

improve t h e  color ing cha rac t e r i s t i c s .  

Ind ica t ions  a t  this time pointed t o  t h e  f a c t  t h a t  the  yellow 

color  was due t o  the  intermediate Ti" complexes and t h a t  t h e  absence cf 

water vapor i n  the  air, or partial vacuum condi t ions might a l low the  co lor  

t o  p e r s i s t  f o r  a longer period of  time. 
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REACTIONS OF POC1, AND PC13 - 

POCl3 and PC13 were first  t e s t e d  i n  a laboratory hood, being 

placed i n  an open beaker. 

intense than Tic14 under t h e  same conditions.  

and a dense smoke evolved, but  not comparable t o  TiC14. 

They evolved a tenuous white smoke but much less 

Water was added t o  t h e  beakers 

Only when a s t rong  ammonia so lu t ion  was added t o  PCl3 d id  a smbke 

comparable t o  t h e  TiClq-water system evolve. 

not produce a smoke comparable t o  t h e  Tiel&-water system. 

The POClg-ammonia system did  

Dyes so luble  i n  PCl3 or ammonia o r  both were added t o  these  

materials. 

The smoke remained white. I n  efforts t o  "overpower" t h e  "whitenesst1 of t h e  

smoke, s eve ra l  t e s t s  were made with a t h i r d  container  of water-dye so lu t ion  

o r  ammonia-dye so lu t ion  spraying in to  t h e  double stream, 

remained white. 

The materials were then sprayed toge ther  i n  t h e  usual  fashion,  

The smoke 

The same systems were tes ted  i n  the  s t e e l  pipe r eac to r  with 

negative results.  

A f u r t h e r  refinement of t h e  reactor was developed. A steel tube 

7 inches i n  diameter by 24 inches long was closed a t  one end with a hole 

i n  t h e  closure.  

was placed i n  a t r a y ,  see Figure 1. 

t h e  cyl inder  d i r e c t l y  above the  PCl3 t ray .  

t h e  PCl3 and t h e  blower removed smoke as quickly as it was formed, No 

color  o the r  than white was v i s ib l e  i n  t h e  smoke. The idea  of t h i s  ex- 

periment as opposed t o  the  double spray system was t h a t  i n  the  case of 

drople t s  mixing, t he  heat of react ion was d iss ipa ted  too quickly because 

of the  high area t o  volume r a t i o  of t h e  drople t .  The t r a y  of l i q u i d ,  on 

t h e  o the r  hand, would have a r e l a t i v e l y  l o w  a r ea  t o  volume ratio and if a 

A cent r i fuga l  blower was placed i n  t h e  hole. The PCl3  

The ammonia-dye spray nozzle entered 

The armnonia dye was sprayed in to  
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higher temperature r eac t ion  would put dye i n t o  the  smoke it could be 

e a s i l y  observed. Such was not  t h e  case. The smoke remained white. 

A t  t h i s  point  i n  t h e  work, t h e  staff decided t h a t  t he  co lor ing  

of the  smoke by means of dyes or o the r  co lor ing  agents  was v i r t u a l l y  

impossible. 

cooperating with us. 

This dec is ion  was a l s o  a r r ived  a t  by the  dye companies 

It  was decided t o  explore t h e  p o s s i b i l i t y  of r eac t ion  of TIC&+ 

with an organic compound i n  t h e  hope of producing a colored r eac t ion  

product o ther  than those found i n  t h e  TiCl4-H20 reac t ion .  

i n  Table 111. 

Dyes are l i s t e d  
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TABLE I11 

DYES SOLUBLE IN NH4OH 

- COLOR 

1 Azoanthrene Black NV B l a c k  

1 Sol-Aqua-Fast Red 2 BL Pink 

1 Azoanthrene R ~ y a l  Blue Scone Pink 

1 Azoanthrene Black W A N  B l a c k  

11 Ceksyl Red BB Red 

PRODUCER DYE 

DYES SOLUBLE IN PC1a 

1 Experimental Dye 30766A Red 
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TESTS AT S1MULATIF;D ALTITUDE AND HUMIDITY 

The p o s s i b i l i t y  of colored reac t ion  products was b r i e f l y  explored 

under Reaction of Organic Solvents with TiC14. 

euspmded far t w o  reaeonst 

The work was temporarily 

( 1 )  i n a b i l i t y  of t h e  co lor  t o  p e r s i s t  beyond t h e  confine8 

of t h e  beaker 

t h e  more immediate problem of remaining dye types t o  

be t e s t e d  

(2 )  

From experiments performed i n  t h a t  phase, it seemed t h a t  t h e r e  

was a p o s s i b i l i t y  t h a t  t h e  water vapor i n  t h e  atmosphere wag a con t ro l l i ng  

reaction and any intermediate products would quickly convert t o  oxides of 

titanium and hydrochloric acid, 

The first experiments performed i n  t h i s  series of tests were 

conducted in a 5 liter vacuum f l a s k  evacuated t o  50 microns. 2 cc of 

TIC14 were admitted t o  t h e  flask. 

smoke formed. 2 cc of acetone were then admitted i n t o  t h e  flask and a 

l i g h t  yellow smoke formed immediately and pe r s i s t ed  f o r  approximately 

10  minutes, slowly turning white. 

in to  each o ther ,  but r a t h e r  one allowed t? flow i n t o  the  o ther ,  a pool of 

yellow t ransparent  l i q u i d  was i n  evidence a t  t h e  bottom of t h e  f l a sk .  

experiment was repeated several times. 

a i r  and water vapor caused the smoke t o  l o s e  the  yellow color .  

Due t o  the  absence of water vapor, no 

Since t h e  materials were not  sprayed 

The 

I t  was noted t h a t  t h e  admission of 

Various so luble  dyes were added t o  t h e  l i qu ids .  The yellow 

co lo r  was not affected.  

quickly than without dye. 

I t  was no deeper nor did  it disappear more 
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It was obvious t h a t  continuation of t h e  t e s t i n g  i n  a 5 l i t e r  

f l a s k  would produce q u a l i t a t i v e  r e s u l t s  r a t h e r  than  quant i ta t ive .  

device for  measuring t h e  t o t a l  obscuring power (TOP) of a smoke was 

developed. 

A 

TOP is a standard measure of smoke i n t e n s i t y  used in chemical 

warfare work, and is defined as the  area of smoke produced per pound of 

material such t h a t  t h e  thickness and dens i ty  of t h e  smoke w i l l  obscure a 

40 watt l i g h t .  

A 500 cubic foo t  vacuum vessel  loca ted  at t h e  Research I n s t i t u t e  

Test S i t e  was se l ec t ed  as t h e  reac t ion  chamber. 

The experimental apparatus is shown i n  Figure 2. The area through 

s e c t i o n  A - A1 is 110 ft.*. 

by a var iab le  transformer. 

The wattage of t h e  tungsten band lamp was set  

A t y p i c a l  trace from t h e  recorder  is shown i n  Figure 3. 

(1 )  

( 2 )  

(3)  

tank clear, no smoke, l i g h t  ou t  

tank clear, no smoke, l i g h t  on 

t a n k  filled with smoke, l i g h t  on 

v, 
V, 
v,-v, is the l i g h t  obscured 

When v, = 0 or (V,-V,)/V, = 1, 

is t h e  l i g h t  picked up through t h e  clear tank 

is t h e  l i g h t  picked up through t h e  smoke f i l l e d  tank 

t h e  conditions of TOP 

have been met, 

During an experiment it i s  imposslble, once t h e  l i g h t  is 

completely obscured, t o  show t h a t  t h e  p a r t i c u l a r  amount of smoke -producing 

material was not  more than enough t o  obscure t h e  l i g h t  completely. Hence, 

any values of (V,-Vo)/V, = 1 are ignored and only values of ( V s - V o ) / V s  l e s s  

than 1 are considered. When p lo t ted  on semilog paper as shown i n  Fig.  7 
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through 12, t h e  value needed for t h e  TOP computation i s  found by extrapola- 

t i n g  t h e  (vs-v0)fl, l i n e  t o  a value of 1.0. 

Since TOP can be defined as Area/pound of material a t  conditions 

of TOP, it can be rewrit ten: 
1 

110 ft.? 
a x pounds of material 

I n  order t o  compare the actual numbers and standardize t h e  system, 

t h e  TOP of t h e  TiC14-water system was determined. 

Figure 7 ind ica t e s  for TOP conditions,  (V,-Vo)/V, = 1, a volume 

of 17.5 cc of Tiel4 corresponding t o  30.2 g of TIC14 hence: 

110 f t . 2  TOP 36,2/ii5ii = 1640 

The TOP according t o  various NASA publ ica t ions  for this system is 1900, 

The following systems were t e s t e d  for TOP i n  t h e  500 ft.3 

vacuum tank a t  a simulated a l t i t u d e  of 60,000 feetz 

TOP 

TiCl4-water 1640 

- SY STEN 

TiC.14-acetone 

TiCl4-diacetyl 

1640 

1345 

FIGURE 

7 

- 
e 

9 

TiClq-methyl-ethyl ketone 1410 10  

TiCl4-methyl-isobutyl ketone 1030 

TiClb-acetic ac id  1570 

11 

12 

It can be seen from t h e  preceding table t h a t  t h e  TOP of t h e  TiC14-water  

system is equalled by t h e  TiCl4-acetone system and t h a t  t h e  TiC14-acetic 

a c i d  system compares not unfavorably. 

TOP gives no indica t ion  of t h e  color of t h e  smoke. This will be 

discussed i n  the following sec t ion ,  



MEASUREMENT OF RELATIVE COLOR OF T i C l h  SMOKES USING REACTANTS 

It was of in te res t  t o  determine t h e  r e l a t i v e  amounts of red ,  

yellow and green l i g h t ,  both absorbed and r e f l ec t ed ,  of TIC14  smokes 

u t i l i z i n g  water, acetone, acetic ac id  and alcohol  as reactants, The 

apparatus used i n  these  experiments is shown in Figure I t  consis ted 

of 8 931 A photomult ipl ier  detector  coupled with t h r e e  f i l ters - red, 
yellow and green - and read out on an oscil loscope. 

is shown graphical ly  i n  Figure 5 ,  toge ther  with the s e n s i t i v i t y  of t h e  

931 A photomultiplier.  The three filters were mounted on a revolving 

p l a t e  ( 6 0  RPM) enclosed i n  a light-proof housing, 

opening with no f i l t e r  t o  measure to t a l  l i g h t ,  

4. 

The f i l t e r  transmission 

The p l a t e  also had an 

Figure 6 shows schematically t h e  set-up for t h e  6 '  path and t h e  

r e f l e c t e d  l i g h t  methods. 

i n  t h e  cen te r  of one of the  s igh t  windows of the 500 f t3  vacuum tank and 

the  de tec tor  was placed d i r e c t l y  opposite t h e  bulb a t  another s i g h t  

window. 

6 ' ,  

path and t h e  data  taken f o r  severa l  minutes after in jec t ion .  

second scheme, t h e  de tec tor  was placed as c lose  as poss ib le  t o  t h e  s i g h t  

window and a 700 watt lamp w i t h  a r e f l e c t o r  was placed a t  a poin t  where 

t h e  l i g h t  produced could be directed through t h e  s i g h t  window without 

being detected by the  photomultiplier tube. When t h e  materials were 

in j ec t ed  perpendicularly t o  the de tec tor ,  t h e  r e f l e c t e d  l i g h t  was 

measured by the  photomultiplier 

f i l t e rs  and no f i l t e r .  

In  t h e  first scheme a 40 watt bulb was placed 

The d is tance  between the  bulb and t h e  de t ec to r  was approximately 

The mater ia l s  were in jec ted  perpendicular ly  t o  t h e  bulb-detector 

In the  

tube using t h e  red,  yellow, and green 
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The da ta  obtained from t h e  preceding experiments are tabula ted  i n  

Table IV and presented a s  r a t i o  of red  t o  white, yellow t o  w h i t e  and green 

t o  white l i g h t .  

t h e  value f o r  t h e  TiClq-water  system. 

T i C l t p w a t e r  system t o  be white i n  both " re f lec t ion"  and ''transmission" 

( 6 '  path)  o r  both back-scattering and forward-scattering which comjjenaates 

f o r  t he  d i f f e r i n g  f i l t e r  t r ansmiss iv i t i e s  and photocel l  s e n s i t i v i t i e s  for 

t h e  th ree  colors .  

Also each value is normalized by dividing each value by 

This normalization assumes the  

The normalized r e f l e c t i v e  da t a  given on Table IV shows t h a t  a l l  

of t h e  smokes produced are e s s e n t i a l l y  white on r e f l e c t i o n  s ince  t h e r e  is 

n e i t h e r  reduct ion of the green-white r a t i o  o r  enhancement of t h e  red-white 

ratio. 

The normalized transmission da ta  ( 6 '  path)  shows q u i t e  c l e a r l y  

t h a t  t h e r e  is a s t rong  color ing o f  t h e  l i g h t  t ransmi t ted  through the  t h r e e  

systems inves t iga ted ,  

t h e  same (see page 17)  t o  t h a t  of t h e  TiClq-water system, it can be 

in fe r r ed  t h a t  there must be increased amounts of  red  and decreased amounts 

of green l i g h t  t ransmi t ted  through these  smokes as compared t o  t h e  

TiClq-water smoke, 

green-white ra t io  supporting t h e  above i n t e r p r e t a t i c n .  

Since TOP of t h e  t h r e e  systems were a l l  approximately 

Table IV shows a r e l a t i v e l y  l a r g e  decrease i n  t h e  

From these  da ta  it is concluded t h a t  t h e  experimental smokes, 

Tic14 + acetone, T i C 1 4  + a c e t i c  acid and TiCILc  + alcohol  show enhancement 

of t h e  red  t ransmi t ted  l i g h t  and thus would produce a colored smoke, 
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REFLECTIVE 

system 

TABLE I V  

YELLOW 

Water 0.460 1.00 0.440 

Acetone 0.372 Om81 0.358 
0,396 0.86 0.385 

Acetic Acid 0.420 0 091 0,402 

Alcohol 0,468 1.02 0.450 

6 '  PATH 

Water 0.523 1'00 

- 
Acetone 0,580 1 m 1 1  

0,500 0.96 

Acetic Acid 0,533 1.02 

Alcohol 0 , 527 1.00 

0,504 

0 ,480 
0.415 

0 a345 

0.381 

1.00 

0.81 
0.87 

0.91 

1.02 

1 .oo 

0.95 
0.82 

0.68 

0.76 

G m N  

0.304 

0,248 
0 . 221 

0.273 

0.306 

0.418 

0.261 
0,195 

0.125 

0 . 155 

1 ,OQ 

0.81 
0.33 

0.90 

1.01 

1.00 

0.62 
0 .47 

0 m30 

0.37 

a) Relat ive value assuming the TiCl~-H20 system = 1 



CONCLUSION AND RECOMMENDATIONS 

The survey of dyes t h a t  was conducted on t h i s  program t o  co lor  

TIC14 smoke was unsuccessful as very f e w  dyes were found t o  be so luble  

i n  TIC14 and those  t h a t  were did not  appreciably co lo r  t h e  smoke. 

concluded t h a t  color ing TiC14 smoke by so luble  dye is present ly  not  

f e a s i b l e .  

It is 

The use o f  a two-component system, such as acetone-Tic14 and 

acetic acid-TiClq, shows some promise  of producing a yellow colored 

smoke. The data taken on t h i s  program using these  dual systems show 

t h a t  a yellow smoke can be produced but its color pers i s tence  is not 

known o r  completely understood, 

if one of t h e  above systems is feasible f o r  use as a colored smoke 

t r a i l ,  is t o  a c t u a l l y  "fly" a pay load u t i l i z i n g  one of those systems. 

It is suggested t h a t  considerat ion be given t o  t h e  p o s s i b i l i t y  of just 

such a f l i g h t  i n  t h e  fu tu re  t o  determine i f  t h e  des i red  colored smoke 

t r a i l  can 

time f o r  experimental wind shear measurements. 

, 

It would seem t h a t  t h e  only way t o  de te rmine  

i n  fact be produced and if it would p e r s i s t  for an adequate 



22 



23 



24 

i I 
I 

L 
, I  
I 
I 
I 
I 
I 
I 
f----- 

" 0 . i  B/ 

I 
I 
I 
I 
I 

" 8  -------I 

3 

1 - Tank clear, no smoke, l i g h t  out 
2 - Tank clear, no smoke, l i g h t  on 
3 - Tank filled with smoke, light on 

FIGURE 3 - Typical Recorder Tracing 
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Supply 
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Vert. 

FIGURE 4 - Experimental Apparatus 
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FIGURE 5 - Wavelengtn vs. Percent Transmission 
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Injection P o i n t  
1 

D e  t ec tor shown 

Y l j r  
500 f t . 3  Tank 

6 '  PATH PICKUP 

700 Watt Tuni 

],a 40 Watt Tungsten 

/ 500 f t .  3 Tank 

Glass 

S h i e l d  

\ REFLECTED LIGHT PICKUP 

FIGURE 6 
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T I C 1 4  + Water 

c c ,  Tic14 

FIGURE 7 
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TIC14 + Acetone 

IO 12 14 

C C ,  TIC14 

FIGURE 8 
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T I C 1 4  + Diacetyl 
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FIGURE 9 



TIC14 +Methyl Ethyl Ketone 
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C C ,  TIC14 

FIGURE BO 



Tic14 + Methyl Isobutyl Ketone 
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c c ,  T i C I L b  

FIGURE 11 
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T I C 1 4  + Acetic A c i d  

' 

C C ,  TIC14 

FIGURE 1 2  


